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Abstract
It is shown that the future SNO and Super-Kamiokande experiments, in
which high energy 8B neutrinos will be detected through the observation of
CC, NC and ν–e elastic scattering processes, could allow to reveal in a model
independent way the presence of sterile neutrinos in the flux of solar neutrinos
on the earth. Lower bounds for different averaged values of the probability of
transition of solar νe’s into sterile states and for the total flux of
8B neutrinos
are derived in terms of measurable quantities. The possibilities to reveal the
presence of νµ and/or ντ in the solar neutrino flux on the earth are also
considered and the case of transitions of solar νe’s only into sterile states is
discussed. Some numerical results for a simple model with νe–νs mixing are
given.
Typeset using REVTEX
∗E-mail address: BILENKY@TO.INFN.IT.
†E-mail address: GIUNTI@TO.INFN.IT.
1
I. INTRODUCTION
The problem of neutrino masses and mixing is the most actual one in present day neu-
trino physics. As it was first pointed out by B. Pontecorvo [1], solar neutrino experiments
are very important tools for the investigation of this problem. At present four solar neutrino
experiments (Homestake [2], Kamiokande [3], GALLEX [4] and SAGE [5]) investigate differ-
ent ranges of the solar neutrino spectrum. The observed event rates in all four experiments
are significantly smaller than the event rates predicted by the Standard Solar Model (SSM)
[6–8]. Phenomenological analyses of the existing data [9] give some indications in favor of a
non-astrophysical explanation of the observed ”deficit” of solar neutrinos and it was shown
[10] that all data are well described in the simplest case of mixing between νe and νµ (or ντ )
if MSW resonant transitions in matter [11] take place. For the two parameters ∆m2 and
sin2 2θ (∆m2 ≡ m22 − m
2
1, m1 and m2 are the neutrino masses, and θ is the mixing angle)
the following values were obtained:
∆m2 ≃ 5× 10−6 eV2 and sin2 2θ ≃ 8× 10−3 (small mixing angle solution) , (1.1)
∆m2 ≃ 10−5 eV2 and sin2 2θ ≃ 0.8 (large mixing angle solution) . (1.2)
The data can also be described by νe and νµ (or ντ ) vacuum oscillations [12] if the
parameter ∆m2 has such a small value that the term cos
(
∆m2R
2E
)
(R is the sun-earth distance
and E is the neutrino energy) in the expression for the probability of vacuum transitions does
not disappear due to averaging (i.e. the oscillation length is of the same order of magnitude
as the distance between the sun and the earth). In this case, for the two parameters ∆m2
and sin2 2θ the following values were found:
∆m2 ≃ 8× 10−11 eV2 and sin2 2θ ≃ 0.8 . (1.3)
Finally, all the existing data can also be described [13] by MSW transitions of solar νe’s
into sterile states (see, for example Ref. [14]). In this case only the small mixing angle
solution is allowed1:
∆m2 ≃ 5× 10−6 eV2 and sin2 2θ ≃ 7× 10−3 (small mixing angle solution) . (1.4)
This solution is compatible with the constraints on the νe–νs mixing parameters obtained
from big bang nucleosynthesis [15].
Thus, even if we assume that the SSM correctly predicts the values of the neutrino fluxes
from all the main reactions, the existing solar neutrino data do not allow to determine in
which neutrino states (active or sterile) solar νe’s are transformed.
The knowledge of the neutrino states in which solar neutrinos are transferred is of fun-
damental importance for the theory. Transitions of solar νe’s into active νµ and/or ντ are
possible in many models beyond the Standard Model (see, for example, Ref. [16]). Such
1 Let us stress that the solutions (1.1)–(1.4) were obtained under the assumption that the values
of the neutrino fluxes are given by the SSM.
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transitions are also possible in the Standard Model if the neutrino masses and mixing are
generated by the same standard Higgs mechanism which generates the masses and mixing
of quarks and the masses of the charged leptons. On the other hand, transitions of solar
νe’s into sterile states are possible only in the models beyond the Standard Model. Thus, a
discovery of νe → νs transitions would be a clear signal of new physics beyond the Standard
Model.
In Ref. [17] we discussed the possibilities of the solar neutrino experiments of the next
generation (SNO [18], Super-Kamiokande [19]), in which high energy 8B neutrinos will be
detected, to obtain informations on the transitions of solar νe’s into sterile states. Here we
will derive several relations which could allow to reveal the presence of sterile neutrinos in
the solar neutrino flux on the earth independently on any assumption about the value of
the initial 8B neutrino flux. We will also show that from the data of the SNO and S-K
experiments it will be possible to obtain a model independent lower bound for the initial
8B νe flux in the general case of transitions of νe’s into active and sterile neutrinos. A
comparison of this lower bound with the value of the 8B neutrino flux predicted by the SSM
will be a direct experimental test of the model which does not depend on possible transitions
of solar νe’s into other states. Furthermore, we will discuss the possibilities of SNO and S-K
to reveal the presence of νµ and/or ντ in the solar neutrino flux on the earth and we will
consider the special case of transitions of solar νe’s only into sterile states. Finally, we will
present some numerical results obtained in a simple model with νe–νs mixing.
In the SNO experiment (scheduled to start in the end of 1995) solar neutrinos will be
detected through the observation of three different processes:
1. The CC process
νe + d→ e
− + p+ p ; (1.5)
2. The NC process
ν + d→ ν + p + n ; (1.6)
3. The CC+NC elastic scattering (ES) process
ν + e− → ν + e− . (1.7)
In the CC process (1.5) the electron spectrum will be measured and the flux of solar νe’s
on the earth as a function of neutrino energy E, φνe(E), will be determined [18]. The NC
process (1.6) will be detected through the observation of neutrons. Only the total number
of NC events will be measured.
In the S-K experiment (scheduled to start in 1996) solar neutrinos will be detected
through the observation of the ES process (1.7). The event rate is expected to be about 50
times larger than in the current Kamiokande III experiment and the spectrum of the recoil
electrons will be measured with high accuracy [19].
In both the SNO and S-K experiments, due to the high energy thresholds (≃ 6MeV
for the CC process, 2.2MeV for the NC process and ≃ 5MeV for the ES process), only
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neutrinos coming from 8B decay will be detected. The energy spectrum of the initial 8B νe’s
can be written as
φB(E) = ΦBX(E) . (1.8)
Here X(E) is a known normalized function determined by the phase space factor2 of the
decay 8B→ 8Be+e++νe, (the small corrections due to forbidden transitions where calculated
in Ref. [21]) and ΦB is the total flux of initial
8B solar νe’s.
II. LOWER BOUND FOR THE
8
B NEUTRINO FLUX
In this section we will show that from the SNO and S-K data it will be possible to
obtain a model independent lower bound for the 8B neutrino flux ΦB in the general case of
transitions of solar νe’s into active and sterile neutrinos. As we will see in the next section,
the knowledge of a lower bound for the 8B neutrino flux will allow to obtain upper bounds
for different averaged values of the probability of transition of solar νe’s into νe, νµ and ντ .
If it will occur that any of these upper bounds is less than one, it will mean that there are
sterile neutrinos in the flux of solar neutrinos on the earth.
Let us consider first the NC process (1.6). Using the νe–νµ–ντ universality of NC, we
have 〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
=
NNC
XNCνd ΦB
. (2.1)
Here NNC is the total NC event rate, Pνe→νℓ is the probability of transition of solar νe’s into
νℓ (with ℓ = e, µ, τ) and
XNCνd ≡
∫
ENC
th
σNCνd (E)X(E) dE , (2.2)
where σNCνd (E) is the cross section for the process ν d → ν n p and E
NC
th is the threshold
neutrino energy. Using the results of a recent calculation of the cross-section σNCνd (E) [22] we
obtained XNCνd = 4.72×10
−43 cm2. The average probability
〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
is determined
as follows:〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
≡
1
XNCνd
∫
ENC
th
σNCνd (E)X(E)
∑
ℓ=e,µ,τ
Pνe→νℓ(E) dE . (2.3)
2 It was shown in Ref. [20] that the distortions of the neutrino spectra are negligibly small under
solar conditions.
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Taking into account that
〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
≤ 1, from Eq.(2.1) we obtain the following
lower bound for the total flux of 8B neutrinos:
ΦB ≥
NNC
XNCνd
. (2.4)
Another lower bound for the flux ΦB can be obtained from the CC data. The νe survival
probability is connected with the flux of νe on the earth by the relation
Pνe→νe(E) =
φνe(E)
X(E)ΦB
. (2.5)
From this relation it follows that
ΦB ≥
[
φνe(E)
X(E)
]
max
, (2.6)
where [φνe(E)/X(E)]max is the maximal value of the function φνe(E)/X(E) in the explored
energy range.
Analogously, we have
ΦB ≥
NCC
XCCνed
. (2.7)
Here NCC is the total CC event rate and
XCCνed ≡
∫
ECC
th
σCCνed(E)X(E) dE , (2.8)
where σCCνed(E) is the cross section for the process νe d → e
− p p. Using the results of Ref.
[22] we obtained XCCνed ≃ 1.1× 10
−42 cm2 for ECCth ≃ 6MeV.
The total number of ES events NES is given by
NES =
∫
EES
th
∑
ℓ=e,µ,τ
σνℓe(E)Pνe→νℓ(E)X(E) dEΦB , (2.9)
where σνℓe(E) is the total cross section of the process νℓ e→ νℓ e (with ℓ = e, µ, τ). Taking
into account that σνµe(E)/σνee(E) ≃ 1/6, from Eq.(2.9) we have
NES ≤
∫
EES
th
σνee(E)
∑
ℓ=e,µ,τ
Pνe→νℓ(E)X(E) dEΦB , (2.10)
From Eq.(2.10) we obtain the following lower bound for ΦB
ΦB ≥
NES
Xνee
, (2.11)
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where
Xνee ≡
∫
EES
th
σνee(E)X(E) dE (2.12)
For EESth ≃ 5MeV we have Xνee ≃ 2 × 10
−44 cm2. The values of NES and Xνee depend on
the threshold energy EESth . Let us notice that it is worthwhile to study the dependence of
NES/Xνee on the threshold energy E
ES
th in order to choose the optimal value of this quantity
(providing that the statistical accuracy is sufficiently high).
In the S-K experiment the spectrum of ES recoil electrons nES(T) (T is the electron
kinetic energy) will be measured with high accuracy. We have
nES(T) =
∫
Em(T)
∑
ℓ=e,µ,τ
dσνℓe
dT
(E,T)Pνe→νℓ(E)X(E) dEΦB . (2.13)
Here
dσνℓe
dT
(E,T) is the differential cross section of the process νℓe→ νℓe (with ℓ = e, µ, τ)
and Em(T) =
1
2
T
(
1 +
√
1 + 2me/T
)
. From Eq.(2.13) it follows that
nES(T) ≤
∫
Em(T)
dσνee
dT
(E,T)
∑
ℓ=e,µ,τ
Pνe→νℓ(E)X(E) dEΦB . (2.14)
From Eq.(2.14) we obtain the following lower bound for the total 8B neutrino flux:
ΦB ≥
[
nES(T)
Xνee(T)
]
max
, (2.15)
where
Xνee(T) ≡
∫
Em(T)
dσνee
dT
(E,T)X(E) dE . (2.16)
The function Xνee(T) is plotted in Fig.1.
It is clear from the derivation of Eqs.(2.11) and (2.15) that, if an appreciable part of
solar νe’s are transformed into νµ and/or ντ , the lower bounds (2.11) and (2.15) could be far
away from the true value of the 8B neutrino flux. We will obtain now additional inequalities
which do not have this drawback. From Eq.(2.9) we have〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
ES
=
ΣES
XνµeΦB
. (2.17)
Here
ΣES ≡ NES −
∫
EES
th
(
σνee(E)− σνµe(E)
)
φνe(E) dE , (2.18)
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〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
ES
≡
1
Xνµe
∫
EES
th
σνµe(E)X(E)
∑
ℓ=e,µ,τ
Pνe→νℓ(E) dE . (2.19)
and
Xνµe ≡
∫
EES
th
σνµe(E)X(E) dE . (2.20)
For EESth ≃ 6MeV (which corresponds to a kinetic energy threshold Tth = 4.5MeV for the
electrons in the CC process) we have Xνµe ≃ 2 × 10
−45 cm2. From Eq.(2.17) we obtain the
following lower bound for the total 8B neutrino flux:
ΦB ≥
ΣES
Xνµe
. (2.21)
The quantity ΣES can be obtained directly from the data of the SNO and S-K experiments.
In fact, NES will be measured in both experiments. The second term in the right-hand side
of Eq.(2.18) can be determined from the CC data of the SNO experiment.
Finally, from Eq.(2.13) we obtain〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
ES;T
=
ΣES(T)
Xνµe(T)ΦB
. (2.22)
Here
ΣES(T) ≡ nES(T)−
∫
Em(T)
[
dσνee
dT
(E,T)−
dσνµe
dT
(E,T)
]
φνe(E) dE , (2.23)
〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
ES;T
≡
1
Xνµe(T)
∫
Em(T)
dσνµe
dT
(E,T)X(E)
∑
ℓ=e,µ,τ
Pνe→νℓ(E) dE (2.24)
and
Xνµe(T) ≡
∫
Em(T)
dσνµe
dT
(E,T)X(E) dE . (2.25)
The function Xνµe(T) is plotted in Fig.1. From Eq.(2.22) we obtain the following lower
bound for the total 8B neutrino flux:
ΦB ≥
[
ΣES(T)
Xνµe(T)
]
max
. (2.26)
Thus, we obtained several expressions which give a lower bound for the total flux of 8B
neutrinos (Eqs.(2.4), (2.6), (2.11), (2.15), (2.21), (2.26)). All these expressions depend only
on known quantities and quantities that will be measured in the SNO and S-K experiments.
When the SNO and S-K data will be available it will be possible to choose the expression
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which gives the highest lower bound. This will be the best model independent lower bound
for the total flux of 8B neutrinos in the general case of transitions of solar νe’s into active
and sterile states. We will denote this best lower bound as Φ◦B.
A comparison of Φ◦B with the value of the total flux of
8B neutrinos predicted by the
SSM, ΦSSMB , will be a direct experimental test of the model. If Φ
◦
B ≤ Φ
SSM
B no conclusion
about the SSM can be reached. If Φ◦B > Φ
SSM
B it would mean that the
8B neutrino flux is
higher than the flux predicted by the SSM.
In the next section we will use Φ◦B in order to obtain several inequalities whose test will
allow to reveal the presence of sterile neutrinos in the flux of solar neutrinos on the earth.
III. STERILE NEUTRINO TESTS
In this section we will obtain several inequalities which could allow to reveal the presence
of sterile neutrinos in the flux of solar neutrinos on the earth. Let us consider Eq.(2.1). In
the case of transitions of solar νe’s only into νe, νµ and ντ we have
〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
= 1.
In the general case of transitions of νe’s into active and sterile states
3.〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
= 1− 〈Pνe→νs〉NC < 1 . (3.1)
Here Pνe→νs is the probability of transition of solar νe’s into all possible sterile states. The
right-hand side of Eq.(2.1) depends on the total flux of 8B neutrinos ΦB. In the case
of transitions of solar νe’s into sterile states the flux ΦB cannot be determined from the
experimental data. However, as we have seen in the previous section, from the SNO and
S-K data it will be possible to determine a lower bound for the total flux of 8B neutrinos,
Φ◦B. Therefore, from Eq.(2.1) we obtain〈 ∑
ℓ=e,µ,τ
Pνe→νℓ
〉
NC
≤
NNC
XNCνd Φ
◦
B
. (3.2)
The right-hand side of Eq.(3.2) contains only measurable quantities. If it will turn out that
NNC/XNCνd Φ
◦
B < 1, it will mean that νe → νs transitions take place. From Eqs.(3.1) and
(3.2), for the averaged value of the probability of transitions of νe’s into all possible sterile
states 〈Pνe→νs〉NC we find the following lower bound:
〈Pνe→νs〉NC ≥ 1−
NNC
XNCνd Φ
◦
B
. (3.3)
3 We assume that neutrinos are stable particles. For a discussion of neutrino instability see Ref.
[23] and references therein.
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Analogously, from Eqs.(2.17) and (2.22) we obtain the following inequalities for other
averages of the probability of transition of solar νe’s into all possible sterile states
4:
〈Pνe→νs〉ES ≥ 1−
ΣES
XνµeΦ
◦
B
, (3.4)
〈Pνe→νs〉ES;T ≥ 1−
ΣES(T)
Xνµe(T)Φ
◦
B
. (3.5)
If it will turn out that the right-hand side of at least one of these inequalities is different from
zero, it will mean that active neutrinos transform into sterile states and that the probability
of νe → νs transitions depends on the neutrino energy E. Let us stress again that a discovery
of such transitions will have a great impact on the theory.
IV. TRANSITIONS OF SOLAR νe’S ONLY INTO STERILE STATES
If the tests proposed in the previous section will demonstrate the presence of νe → νs
transitions, the question will arise whether there are also transitions of solar νe’s into active
νµ and/or ντ . When solar neutrinos will be detected through the observation of CC, NC and
ES processes, it will be possible to reveal the presence of νµ and/or ντ in the flux of solar
neutrinos on the earth independently from νe → νs transitions [24]. In fact, let us consider
the quantities
RES = 1−
1
NES
∫
EES
th
σνee(E)φνe(E) dE , (4.1)
RNC = 1−
1
NNC
∫
ENC
th
σNCνd (E)φνe(E) dE , (4.2)
which give the relative contribution of νµ and ντ to the ES and NC event rates, respectively.
Here φνe(E) is the flux of solar νe’s on the earth, which will be determined for E ≥ E
CC
th ≃
6MeV from the CC data of the SNO experiment. Since in both the SNO and S-K experiment
it is possible to choose an energy threshold for the ES process EESth ≥ 6MeV, the ratio R
ES
will be determined directly from the experimental data. On the other hand, the NC threshold
in the SNO experiment is fixed at ENCth = 2.2MeV, but there will be no direct experimental
information on the value of φνe(E) in the energy interval E
NC
th ≤ E ≤ E
CC
th . It is obvious
that
RNC ≤ 1−
1
NNC
∫
ECC
th
σNCνd (E)φνe(E) dE . (4.3)
4 It is easy to see that if Pνe→νs(E) = const the ratios in the right-hand sides of Eqs.(3.3)–(3.5) are
larger or equal to one. Therefore, in this case one cannot reach any conclusion about transitions
of solar νe’s into sterile states.
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Let us notice that the contribution of the integral
1
NNC
∫ ECC
th
ENC
th
σNCνd (E)φνe(E) dE to the right-
hand part of Eq.(4.2) is expected to be small due to the smallness of the cross section in the
corresponding energy interval. Our model calculations show that this contribution is of the
order of a few percentage.
In the following we assume that from the ratio RES and the upper bound (4.3) for RNC
no indication in favor of the presence of νµ and/or ντ in the solar neutrino flux on the earth
will be found. If, in addition, it will be found that the spectrum of solar νe’s is distorted
(i.e. the quantity φνe(E)/X(E) is energy dependent), it will mean that solar νe’s transform
only into sterile states. These transitions could take place if νe is mixed only with sterile
neutrinos (as in the models presented in Ref. [25]) or if neutrinos have large Dirac magnetic
moments (∼ 10−11–10−10 µB) and left-handed solar νe’s transform partly into right-handed
sterile states due to precessions in the magnetic field of the sun [26]. As it is well known,
in the last case the flux of solar νe’s has a time dependence anti-correlated with the solar
activity.
If solar neutrinos are transformed only into sterile states, the best lower bound for the
total 8B neutrino flux is given by Eq.(2.6). In fact, in this case [Pνe→νe]max ≥ 〈Pνe→νe〉a (with
a = NC,ES, . . .). From this inequality it follows that
Φ◦B =
[
φνe(E)
X(E)
]
max
. (4.4)
Let us discuss now what informations about the probability of νe’s to survive can be
obtained from the experimental data in the case under consideration. From the measure-
ment of the charged current spectrum the probability Pνe→νe(E) can be determined up to a
constant (see Eq.(2.5)). From Eq.(4.4) we obtain the following upper bound for the survival
probability:
Pνe→νe(E) ≤
φνe(E)/X(E)
[φνe(E)/X(E)]max
. (4.5)
Furthermore, from the NC event rate we obtain the following upper bound:
〈Pνe→νe〉NC ≤
NNC
XNCνd Φ
◦
B
. (4.6)
Additional informations about the probability Pνe→νe can be obtained from the measurement
of the ES event rate and ES recoil spectrum. Let us determine the average value:
〈Pνe→νe〉νee ≡
1
Xνee
∫
EES
th
σνee(E)X(E) Pνe→νe(E) dE =
NES
XνeeΦB
, (4.7)
We obtain
〈Pνe→νe〉νee ≤
NES
XνeeΦ
◦
B
, (4.8)
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Finally, we have
〈Pνe→νe〉νee;T ≡
1
Xνee(T)
∫
Em(T)
dσνee
dT
(E,T)X(E)Pνe→νe(E) dE =
nES(T)
Xνee(T)ΦB
. (4.9)
From Eq.(4.9) it follows that
〈Pνe→νe〉νee;T ≤
nES(T)
Xνee(T)Φ
◦
B
. (4.10)
Thus, in the case under consideration we can obtain informations about the probability
of νe’s to survive not only from the CC data, but also from the ES and NC data.
Finally, we will present the results of a calculation of some of the lower bounds for
the νe → νs transition probability in a simple model with νe–νs mixing which, as was
mentioned in the introduction, can explain the existing solar neutrino data. The values
of the parameters of the model are given in Eq.(1.4). In our calculations we assumed the
SSM 8B neutrino flux in order to estimate the number of CC and NC events in the SNO
experiment and the number of ES events in the S-K experiment after one year of data
taking. From these numbers we estimated the statistical accuracy with which the calculated
quantities will be measured. We obtained RES = 0.00 ± 0.02 and RNC ≤ 0.03 ± 0.03.
Therefore, it will be possible to establish the absence of νe → νµ(τ) transitions with a good
accuracy. For the lower bound of the total flux of 8B neutrinos, from Eq.(2.6) we found
ΦB ≥ (3.0± 0.2)× 10
6 cm−2 sec−1. Using this result, we obtained 〈Pνe→νs〉NC ≥ 0.24± 0.04
and 〈Pνe→νs〉CC ≥ 0.22± 0.04.
The results of our calculations for the lower bounds (4.8), (4.10) and (4.5) are presented
in Fig.2, Fig.3 and Fig.4. The solid line in Fig.2 represent the lower bound for 〈Pνe→νs〉νee as
a function of the kinetic energy threshold Tth of the recoil electrons in the ES process. The
dotted lines represent the 1σ statistical errors after one year of data taking. The dash-dotted
line represent the value of 〈Pνe→νs〉νee in the model. It can be seen from Fig.2 that the lower
bound for 〈Pνe→νs〉νee is bigger for a lower energy threshold. The solid lines in Fig.3 and Fig.4
represent the results of the calculations of the lower bounds for 〈Pνe→νs〉νee;T and Pνe→νs(E),
respectively. The error-bars represent our estimation of the 1σ statistical accuracy with
which these lower bounds could be determined after one year of data taking. The dash-
dotted lines represent the behaviour of the probabilities 〈Pνe→νs〉νee;T and Pνe→νs(E) in the
model.
Our estimations illustrate that the future SNO and S-K experiments have reasonable
possibilities to reveal transitions of solar neutrinos into sterile states.
V. CONCLUSIONS
A discovery of transitions of solar νe’s into sterile states would be a direct discovery of
new physics beyond the Standard Model. We showed here that the future solar neutrino
experiments SNO and S-K, in which neutrinos from 8B decay will be detected, may allow
to reveal the presence of νe → νs transitions and to obtain lower bounds for averaged values
of the probability Pνe→νs. We showed also that it will be possible to obtain from the data
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of the SNO and S-K experiments a model independent lower bound for the total flux of 8B
neutrinos in the general case of transitions of solar νe’s into active as well as into sterile
neutrinos.
In the derivation of the expressions of the lower bounds for the total flux of 8B neutri-
nos and for the averages of the probability Pνe→νs we took into account that in the SNO
experiment solar neutrinos will be detected through the observation of the CC and ES pro-
cesses (1.5) and (1.7) as well as the pure NC process (1.6). In the ICARUS experiment [27]
the high energy 8B neutrinos will be detected through the observation of the CC process
νe +
40 Ar → e− +40 K∗ and the ES process (1.7). A detailed investigation of the CC elec-
tron spectrum will be carried out. The ICARUS experiment can also reveal the presence
of sterile neutrinos in the solar neutrino flux on the earth in a model independent way. In
the case of the ICARUS experiment, a lower bound for the total flux of 8B neutrinos can be
obtained from the relations (2.6), (2.7), (2.11), (2.15), (2.21) and (2.26) and lower bounds
for 〈Pνe→νs〉ES and 〈Pνe→νs〉ES;T can be obtained from the relations (3.4) and (3.5). It is
necessary, however, to stress that the contribution of the total probability
∑
ℓ=e,µ,τ
Pνe→νℓ to
the ES event rate is suppressed by the smallness of the ratio σνµe/σνee. In order to obtain
from the ES and CC processes informations about the νe → νs transitions it is necessary
to have high statistics CC and ES data. The ICARUS experiment is assumed to have this
characteristic.
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FIGURES
FIG. 1. Plot of the functions Xνµe(T) and Xνee(T) defined in Eqs.(2.25) and (2.16), respec-
tively. The depicted range for the kinetic energy T of the recoil electrons in the ES process will be
explored by SNO with Tth = 4.5MeV.
FIG. 2. Plot of the lower bound for 〈Pνe→νs〉νee as a function of the kinetic energy threshold
Tth of the recoil electrons in the ES process calculated in a model with νe–νs mixing (solid line).
The dotted lines are our estimation of the 1σ statistical accuracy with which this lower bound will
be determined after one year of data taking. The dash-dotted line represent the value of 〈Pνe→νs〉νee
calculated in the model.
FIG. 3. Plot of the lower bound for 〈Pνe→νs〉νee;T as a function of the kinetic energy T of
the recoil electrons in the ES process calculated in a model with νe–νs mixing (solid line). The
1σ error-bars are our estimation of the statistical accuracy with which this lower bound will be
determined after one year of data taking. The dash-dotted line represent the value of 〈Pνe→νs〉νee;T
calculated in the model.
FIG. 4. Plot of the lower bound for the probability Pνe→νs(E) as a function of the neutrino
energy E calculated in a model with νe–νs mixing (solid line). The 1σ error-bars are our estimation
of the statistical accuracy with which this lower bound will be determined after one year of data
taking. The dash-dotted line represent the value of Pνe→νs(E) calculated in the model.
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